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Summary 

Sugar  maple  flooring  stock  1 inch  thick  that  contained  about  27  percent  of 
heartwood  was  air  dried  in  packages  in  Upper  Michigan  to  a moisture  con- 
tent of  20  percent  in  40  to  205  days.  The  mean  air-drying  period  was 
about  90  days. 

The  average  loss  caused  by  all  drying  defects,  including  sticker  stain,  was 
$9.42  per  1,000  board-feet,  — or  11.3  percent  of  the  green  value.  Checking, 
splitting,  and  warping  losses  accounted  for  $4.86  of  the  total,  and  the  re- 
maining $4.56  is  chargeable  to  sticker  staining. 

Losses  from  all  causes  for  lumber  dried  in  an  open  shed  averaged  $3.77 
less  per  1,000  board-feet  than  for  lumber  dried  in  roofed  yard  piles,  and 
$5.58  less  than  for  lumber  dried  in  roofless  piles. 

Wide,  green  stickers  that  were  used  in  one-half  of  the  packages  caused  much 
greater  sticker-stain  losses  than  did  narrow,  dry  stickers  ($5.72  more  per 
1,000  board-feet).  However,  wide,  green  stickers  caused  no  appreciable 
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—The  lumber  prices  used  were:  First  and  Second,  $200;  Select,  $171; 

No.  1 Common,  $120;  No.  2 Common,  $70;  No.  3A  Common,  $50;  and 
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increase  in  checking,  splitting,  and  warping  losses  (only  $0.12  more  per 
1,000  board-feet).— 

Lumber  piled  with  narrow,  dry  stickers  in  both  roofed  and  roofless  yard 
piles  declined  considerably  more  in  value  than  did  lumber  piled  with  narrow, 
dry  stickers  in  the  shed;  losses  were  $5.  35  greater  for  the  roofed  piles 
and  $7.05  greater  for  the  roofless  piles.  The  cost  of  an  open,  pole-type 
shed  can  be  amortized  in  4 to  5 years  on  the  basis  of  the  indicated  savings. 


Introduction 


Most  hardwood  lumber  is  air  dried,  and  it  may  later  be  kiln  dried  at  the 
sawmill  or  at  the  plant  of  the  consumer.  In  air  drying,  the  loss  in  value 
caused  by  drying  defects  must  be  added  to  the  cost.  Drying  defects  are  of 
two  kinds:  those  caused  by  shrinkage,  such  as  warping,  checking,  and 

splitting,  and  those  caused  by  staining,  such  as  blue  or  sap  stain  and  chemi- 
cal stain.  Warping  is  caused  not  only  by  shrinkage  but  by  loads  imposed  on 
the  boards  because  of  poorly  constructed  piles.  Drying  defects  cannot  be 
eliminated,  but  usually  they  can  be  reduced  appreciably.  For  example, 
dipping  the  green  lumber  in  solutions  of  antistain  chemicals  largely  pre- 
vents sap  stain  but  not  chemical  stain.  Improved  piling  techniques  reduce 
defects  that  result  from  poor  piling  practices.  Where  drying  defects  are 
reduced,  the  cost  of  the  air  drying  is  cut  and  its  efficiency  increased. 

Sugar  maple  flooring  stock  1 inch  thick  was  air  dried  in  Upper  Michigan  to 
determine  the  periods  of  time  required  to  dry  the  lumber  to  a moisture  con- 
tent of  20  percent  and  to  establish  the  effect  of  such  factors  as  sheds,  pile 
roofs,  and  type  of  sticker  on  drying  losses.  The  lumber  was  of  random 
widths  and  lengths,  obtained  from  the  green  chain  of  the  mill.  The  grade 
was  principally  No.  2 Common,  with  some  No.  1 and  No.  3A  and  an  occa- 
sional board  of  higher  grade. 


Units  Used  for  Test 


Each  test  unit  consisted  of  six  packages  of  lumber  about  4 feet  wide,  14  feet 
long,  and  24  courses  high.  A few  16-foot  boards  were  included  and  were 
allowed  to  project  2 feet  at  one  end.  The  boards  were  piled  roughly  edge  to 


—The  average  value  of  the  green  lumber  was  $83.57  per  1,000  board-feet. 
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edge  on  5 tiers  of  stickers  spaced  3-1/2  feet.  Stickers  used  were  of  dry, 
rough  1-  by  2-inch  hemlock  and  1-  by  3-  to  6-inch  sugar  maple  cut  from 
fresh  green  lumber.  In  each  unit,  three  packages  were  made  with  narrow, 
dry  stickers  and  three  with  wide,  green  stickers.  The  test  packages  were 
placed  on  top  of  two  other  packages  to  make  up  the  piles  that  were  placed  in 
the  yard  or  in  the  shed  (fig.  1). 

The  drying  yard  was  located  on  a high,  dry  site  fully  exposed  to  the  wind. 

The  shed  was  open  on  both  sides,  and  had  a capacity  of  eight  piles  in  each 
of  six  bays.  It  could  be  entered  from  both  sides  by  a forklift  truck.  The 
piles  were  placed  on  6-  by  6-inch  crossbeams  that  were  laid  across  the 
permanent  beams  of  the  pile  foundations  and  a central  support.  The  bottom 
of  the  first  course  of  lumber  in  the  piles  was  about  16  inches  from  the  ground. 
The  test  piles  in  the  yard  were  placed  in  an  inner  row  with  a shield  pile  at 
each  end  of  a row  of  four  test  piles.  Both  types  of  stickers  were  represented 
in  the  two  test  packages  in  the  shed  and  the  four  in  the  yard.  Of  the  four  test 
packages  in  the  yard,  one  with  each  type  of  sticker  was  roofed. 

Each  board  of  a test  package  was  numbered,  starting  with  the  left-hand  board 
facing  the  front  or  flush  end  of  the  test  package  and  ending  with  the  right-hand 
board  of  the  top  course.  Two  boards  placed  end  to  end  bore  the  same  number, 
the  front  one  bearing  a subscript  a and  the  rear  one  a subscript  b. 

Each  test  package  contained  9 whole-board  samples.  Three  were  placed  in 
the  second,  twelfth,  and  twenty-third  lumber  courses.  In  each  of  these 
courses,  1 whole-board  sample  was  placed  in  the  center,  and  1 was  placed 
on  each  edge.  Each  whole-board  sample  was  weighed  when  fresh  and  green 
and  examined  critically  for  splits,  shake,  and  checks.  The  whole-board 
samples  were  numbered  independently. 

For  pile  samples,  4-foot  lengths  were  cut  from  green  lumber.  These  were 
end  coated  and  when  the  piles  were  erected  they  were  placed  in  the  bolster 
space  immediately  below  the  test  package. 

Each  pile  roof  consisted  of  one  4-  by  8-foot  panel  and  one  4-  by  10 -foot  panel. 
They  were  constructed  by  nailing  shiplap  to  a framework  of  2 by  4’s  (fig.  1). 


Test  Procedure 


Six  piles  containing  the  test  packages  at  the  tops  were  erected  during  January, 
May,  July,  and  October  of  1955.  The  piles  remained  in  the  yard  or  in  the 
shed  until  the  moisture  content  of  the  lumber  was  approximately  20  percent. 
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When  the  weights  of  pile  samples  indicated  that  the  required  moisture  content 
had  been  reached,  the  piles  were  dismantled.  After  air  drying,  the  lumber 
was  dried  in  a kiln  to  a moisture  content  of  5 to  6 percent.  It  was  then  dressed 
on  both  sides  to  a thickness  of  7 / 8 inch. 


Tests  and  Measurements 


All  the  boards  of  the  test  packages,  including  the  whole-boai*d  samples,  were 
graded  when  green.  They  were  also  graded  in  the  rough  air-dry  condition, 
and  those  containing  sticker  stain  were  graded  after  kiln  drying  and  dressing. 

All  moisture-content  values  were  determined  for  both  pile  samples  and  whole- 
board  samples  by  a combination  of  weighing  and  testing  by  the  oven  method. 

Checks  and  splits  were  measured  or  estimated  in  terms  of  total  inches  of 
length.  These  measurements  were  made  on  the  pile  and  whole-board  samples 
only.  End  splits  (surface  checks  that  extend  to  an  end,  or  end  checks  that  ex- 
tend to  the  edge  and  along  on  the  face  of  the  board)  were  not  measured  in  total 
inches  but  in  inches  corresponding  to  the  length  of  the  longest  split  present  at 
either  end. 

Sticker  stains  were  classified  on  a qualitative  basis.  A barely  perceptible 
stain  was  classified  as  No.  1,  a stain  that  was  readily  perceptible  as  No.  2, 
and  one  that  was  conspicuous  as  No.  3.  Boards  that  contained  sticker  stain 
were  inspected  to  determine  the  effect  of  the  sticker-stain  marks  on  grade. 


The  Data 


Climatological 

Since  the  drying  of  lumber  piled  in  a yard  or  an  open  shed  is  directly  affected 
by  the  surrounding  air,  the  characteristics  of  this  air,  or  the  climatological 
data  for  the  region,  play  an  important  role.  The  mill  where  the  work  was  con- 
ducted is  in  a cold  region.  The  temperature  averages  below  freezing  for  4-1/2 
months  of  the  year  and  above  60°  F.  for  only  about  2-1/2  months.  Total  annu- 
al precipitation  is  about  30  inches.  Figure  3 shows  the  approximate  climato- 
logical conditions  for  a year  based  on  data  from  Weather  Bureau  records  taken 
at  neighboring  points.  Using  mean  monthly  temperatures  and  relative  humidi- 
ties as  bases,  the  year  was  divided  into  two  periods  of  6 months.  From  the 
middle  of  April  to  the  middle  of  October,  the  climatological  conditions  are 
favorable  to  rapid  drying,  so  this  period  was  designated  as  the  active -drying 
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period.  The  remainder  of  the  year  was  designated  as  the  slow-drying  period. 
From  the  middle  of  November  until  the  first  of  April,  drying  is  particularly 
slow  because  the  temperature  averages  below  freezing.  The  equilibrium 
moisture  content  data  for  wood  were  derived  from  mean  monthly  temperatures 
and  relative  humidities  and  charts  that  give  their  relation  to  wood  moisture 
content  (fig.  2).  From  April  through  August,  the  value  for  equilibrium  mois- 
ture content  is  about  14  percent.  During  March,  September,  and  October  it 
averages  about  15.5  percent,  and  during  November,  December,  January,  and 
February  it  averages  16  to  17  percent. 

Drying 

The  piles  that  contained  the  May  and  July  test  packages  were  erected  during 
the  active-drying  period.  The  piles  that  contained  the  October  test  packages 
remained  in  the  shed  and  in  the  yard  throughout  the  entire  slow-drying  period. 
January  piles  were  erected  near  the  midpoint  of  the  slow-drying  period. 

Figure  3 shows  drying  curves  for  the  lumber  of  the  four  sets  of  test  packages, 
based  on  data  collected  on  the  pile  samples  and  on  the  whole-board  samples. 
The  drying  curves  for  the  May  and  July  lumber  exhibit  the  properties  of 
theoretical  drying  curves.  The  curves  for  lumber  dried  in  January  and  Octo- 
ber possess  no  positive  characteristics  because  of  the  extremely  slow  drying 
during  the  winter.  The  moisture  content  of  the  lumber  piled  in  October  did 
not  actually  reach  20  percent,  but  it  did  reach  24  percent  after  165  days  of 
drying.  There  was  a spell  of  damp  and  rainy  weather  about  10  days  before 
the  October  piles  were  dismantled.  The  dotted  portion  of  the  curve  was  drawn 
to  indicate  that  the  lumber  piled  in  October  should  have  dried  to  a 20  percent 
moisture  content  in  about  170  days.  According  to  the  drying  curves,  the  mois- 
ture content  of  lumber  piled  in  January  reached  20  percent  in  94  days,  that 
piled  in  May  in  39  days,  that  piled  in  July  in  42  days,  and  that  piled  in  October 
in  170  days. 

The  drying  periods  for  the  four  sets  of  test  packages,  are  indicated  by  the 
solid  bars  in  figure  4.  The  hollow  bars  were  drawn  by  interpolation  and  indi- 
cate the  approximate  drying  periods  required  for  lumber  piled  at  the  midpoint 
of  each  month  of  the  year.  These  data  indicate  that  4/4  sugar  maple  piled  in 
Upper  Michigan  during  May,  June,  and  July  can  be  air  dried  to  a moisture  con- 
tent of  approximately  20  percent  in  about  40  days.  Lumber  piled  during  Sep- 
tember must  remain  in  the  yard  until  the  following  April.  It  will  therefore  dry 
in  about  205  days.  Forty  days  may  be  considered  the  minimum  and  205  days 
the  maximum.  Lumber  piled  during  November,  December,  and  January  also 
dried  to  20  percent  moisture  content  during  the  following  April;  therefore  the 
drying  periods  become  progressively  shorter.  If  the  drying  periods  indicated 
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for  lumber  piled  during  each  month  are  averaged,  the  mean  air -drying  peri- 
od is  about  90  days.  If  an  equal  amount  of  lumber  were  piled  in  the  yard  dur- 
ing each  month  of  the  year,  there  would  be  an  accumulation  of  lumber  during 
April.  This  quantity  would  represent  5 to  6 months'  production. 

Figure  4 shows  not  only  air-drying  periods  but  also  mean  monthly  tempera- 
tures and  equilibrium  moisture  content  values  for  wood,  which  are  derived 
from  these  mean  monthly  temperatures  and  the  mean  monthly  relative  hu- 
midities. These  values  indicate  that  it  should  be  possible  to  reduce  lumber 
to  a 20  percent  moisture  content  during  any  month  of  the  year.  The  moisture 
content  of  lumber  piled  early  in  October  might  reach  20  percent  during  Janu- 
ary, February,  or  March,  but  unless  the  moisture  content  had  nearly  reached 
20  percent  about  the  middle  of  November,  the  free  water  would  freeze  and 
prevent  the  lumber  from  drying  to  this  moisture  content  during  the  winter 
months . 


Surface  Checking 

Table  1 presents  the  amount  of  surface  checking  that  occurred  in  the  nine 
whole-board  samples  of  the  test  packages  that  started  air  drying  during  Janu- 
ary, May,  July,  and  October.  A statistical  analysis  indicates  significant  dif- 
ferences between  amounts  of  surface  checking  in  all  of  the  main  categories. 
Lumber  piled  in  October  checked  the  least  and  lumber  piled  in  January  the 
most.  Lumber  piled  in  the  yard  without  a roof  checked  the  most,  and  the  lum- 
ber piled  within  the  shed  checked  the  least.  Surface  checking  was  more  severe 
in  test  packages  built  with  wide,  green  stickers  than  it  was  in  those  built  with 
narrow,  dry  stickers.  Boards  located  near  the  tops  of  the  test  packages  checked 
more  than  those  lower  down. 

Water  that  froze  in  the  green  lumber  piled  in  January  may  have  contributed  to 
the  severe  surface  checking.  Water  diffuses  slowly  in  wood  at  low  tempera- 
tures, and  when  the  water  is  frozen  it  can  diffuse  only  as  a vapor,  not  as 
liquid.  During  the  winter  months  the  surfaces  of  the  boards  may  dry  to  a 
moisture  content  of  16  to  17  percent.  Slow  diffusion  causes  the  dry  surface 
zone  to  be  thin.  The  thin  zone  in  tension  may  develop  many  fine  surface  checks 
because  cold  wood  is  less  capable  of  assuming  a deformation  or  set  than  warm 
wood. 

The  slight  surface  checking  in  lumber  that  was  piled  in  October  may  be  ex- 
plained by  the  mild  weather  during  the  early  part  of  the  air-drying  period. 

By  the  middle  of  November,  when  the  average  temperature  is  usually  about 
32°  F.  , the  lumber  had  dried  enough  so  that  the  freezing  of  the  free  water  in 
the  interior  of  the  boards  was  not  so  serious  as  it  was  in  the  case  of  the  lumber 
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piled  in  January.  The  most  severe  surface  checking  would  ordinarily  be  ex- 
pected in  lumber  that  was  piled  in  May  or  July  because  this  lumber  had  been 
exposed  to  relatively  severe  drying  conditions  during  the  early  stages  of  dry- 
ing. The  average  mean  daily  relative  humidity  in  May  was  about  60  percent, 
that  in  July  about  71  percent.  This  may  account  for  the  somewhat  greater 
amount  of  surface  checking  in  the  lumber  piled  in  May  than  in  that  piled  in 
July. 


End  Splitting 

Table  2 gives  values  that  represent  the  average  length  of  the  longest  end  split 
at  either  end  of  the  nine  whole-board  samples  of  each  test  package.  The 
average  length  of  the  longest  splits  was  smallest  in  the  lumber  piled  in  July 
and  greatest  in  the  lumber  piled  in  May.  The  end  splits  were  shorter  in  lum- 
ber that  was  air-dried  in  the  shed  than  they  were  in  lumber  dried  in  the  yard. 
Roofing  the  yard  piles  and  using  narrow,  dry  stickers  reduced  the  length  of  the 
end  splits  somewhat.  Although  differences  do  exist  between  the  lengths  of  the 
end  splits  in  the  various  categories,  the  end  splits  were  all  short  so  that  pre- 
sumably the  differences  are  of  little  practical  significance. 


Degrade  Caused  by  Air-Drying  Defects 
Other  Than  Stain 

Table  3 presents  losses  in  value  during  air  drying,  in  dollars  per  1,000  board- 
feet  and  in  percentage  of  green  value.  Although  losses  in  dollars  per  1,000 
board-feet  are  of  more  current  interest,  losses  in  percentage  of  green  value 
are  more  useful  for  comparing  the  losses  for  other  species  and  grades,  or  for 
comparing  the  results  of  past  or  future  air-drying  investigations. 

The  loss  in  dollars  per  1,000  board-feet  was  greatest  in  the  lumber  piled  dur- 
ing July,  next  in  the  January  lumber,  and  least  in  the  May  lumber.  The  aver- 
age loss  for  all  of  the  test  packages  was  $4.86  per  1,000  board-feet,  or  5.8 
percent  of  the  green  value  of  the  lumber.  The  average  loss  for  all  of  the  lum- 
ber piled  in  the  drying  shed  was  $3.07  less  than  for  the  lumber  piled  in  the 
yard.  The  loss  from  checking,  splitting,  and  warping  for  lumber  piled  with 
wide,  green  stickers  was  only  $0.12  greater  than  the  loss  for  lumber  piled 
with  narrow.dry  stickers.  This  indicates  that  the  type  of  sticker  had  little 
effect  on  losses.  The  average  loss  in  roofed  yard  piles  was  $1.54  per  1,000 
board-feet  less  than  the  average  loss  for  roofless  piles. 
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Sticker  Stain 


Table  4 gives  the  number  of  sticker  - stain  marks  that  occurred  on  the  boards 
of  the  four  test  packages.  The  sticker  stain  was  largely  a chemical  stain, 
but  in  a few  instances  the  chemical  stain  was  accompanied  by  blue  stain.  It 
also  gives  the  number  of  stain  points,  calculated  by  counting  No.  1 stain  as 
1 point,  No.  2 stain  as  2 points,  and  No.  3 stain  as  3 points.  The  stain  points 
were  adjusted  to  correspond  to  a test  package  of  150  boards. 

The  May  test  packages  had  the  most  stain  points,  and  the  October  packages  had 
the  least.  The  large  number  of  stain  marks  in  the  lumber  piled  for  air  drying 
during  May  was  due  to  the  extremely  heavy  staining  in  the  lumber  piled  with 
wide, green  stickers;  the  May  lumber  that  was  piled  on  narrow,  dry  stickers 
contained  little  stain.  The  differences  between  the  number  of  stain  points  for 
the  May,  July,  and  January  test  packages  were  not  great.  In  the  eight  test 
packages  air  dried  in  the  shed,  the  average  of  stain  points  was  204;  it  was 
282  for  the  16  test  packages  air  dried  in  the  yard.  The  difference  was  due  pri- 
marily to  the  complete  absence  of  sticker- stain  marks  on  the  lumber  piled 
with  narrow,  dry  stickers  in  the  shed.  In  lumber  piled  with  wide,  green 
stickers  in  the  shed,  there  were  409  sticker -stain  marks;  there  were  456 
stain  marks  in  lumber  dried  in  the  yard.  The  lumber  piled  with  wide,  green 
stickers  stained  about  6 times  as  much  as  the  lumber  piled  with  narrow,  dry 
stickers;  440  stain  points  to  73.  The  yard  piles  that  were  roofed  had  fewer 
sticker -stain  marks  than  those  that  were  not  roofed,  but  the  principal  differ- 
ence was  in  the  material  piled  on  wide,  green  stickers. 

The  amount  of  sticker  stain  depended  mainly  on  the  type  of  sticker  and  the 
time  of  year.  Other  factors,  such  as  shed  or  yard  and  roof  or  no  roof,  caused 
relatively  slight  differences.  Lumber  piled  on  narrow,  dry  stickers  and  air 
dried  in  the  shed  contained  practically  no  stain. 

The  losses  per  1,000  board-feet  and  in  percentage  of  green  value  for  each  of 
the  test  packages  are  given  in  table  5.  Stain  caused  the  greatest  loss  in  lum- 
ber piled  during  July  and  the  least  in  lumber  piled  during  October.  The  losses 
in  value  for  the  lumber  piled  in  January  were  almost  as  great  as  those  for  lum- 
ber piled  in  July.  Although  the  lumber  piled  in  May  contained  more  sticker- 
stain  marks  than  the  July  or  January  lumber  the  sticker-stain  marks  on  lum- 
ber piled  in  May  caused  less  degrade.  Exceptionally  slight  losses  in  packages 
built  with  narrow,  dry  stickers  caused  only  moderate  loss  in  the  May  test 
packages.  Staining  loss  in  lumber  air  dried  in  the  shed  was  $1.59  per  1,000 
board-feet  less  than  that  in  lumber  air  dried  in  the  yard.  Lumber  piled  with 
wide,  green  stickers  had  an  average  loss  of  $5.72  per  1,000  board-feet  greater 
than  the  loss  for  lumber  piled  with  narrow,  dry  stickers.  The  roofs  on  the 
yard  piles  reduced  the  sticker  - stain  loss  per  1,000  board-feet  only  $0.27.  This 
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indicated  that  water  penetrating  the  tops  of  the  piles  and  collecting  under- 
neath the  stickers  played  a minor  role  only  in  sticker  staining. 


Degrade  Caused  by  Checking,  Splitting, 

Warping,  and  Sticker  Staining 

Table  6 gives  the  total  losses,  in  value  per  1,000  board-feet  and  in  percent- 
age of  green  value  caused  by  all  drying  defects,  for  all  of  the  test  packages. 
The  losses  in  value  of  the  lumber  piled  in  January  and  July  are  approximately 
equal  and  are  greater  than  those  of  the  lumber  piled  in  May  and  October.  The 
packages  that  started  air  drying  during  October  suffered  the  least  loss  because 
there  was  almost  no  staining  in  the  lumber  piled  during  October.  The  lumber 
piled  in  May  suffered  moderate  losses  through  sticker  staining  and  other  air- 
drying defects.  The  average  loss  in  value  for  all  of  the  lumber  in  the  test 
packages  was  $9.42.  per  1,000  board-feet,  or  11.3  percent  of  the  original  green 
grade  value.  Lumber  dried  in  the  yard  averaged  $4.67  more  loss  per  1,000 
board-feet  than  lumber  air  dried  in  the  shed.  For  lumber  piled  with  narrow, 
dry  stickers,  the  average  loss  was  $5.84  less  per  1,000  board-feet  than  that 
for  lumber  piled  with  wide,  green  stickers.  The  roofed  piles  in  the  yard  lost 
$1.80  less  than  the  roofless  piles. 


Conclusions 

One-inch  sugar  maple  flooring  stock  (averaging  a little  better  than  No.  2 Com- 
mon in  grade)  that  was  piled  for  air  drying  in  Upper  Michigan  throughout  the 
year  dried  to  20  percent  moisture  content  in  an  average  period  of  about  90  days. 
Lumber  piled  during  the  months  of  September  through  the  following  January 
dried  to  a moisture  content  of  20  percent  by  April.  If  a sawmill  operates  con- 
tinuously, these  drying  data  indicate  that  the  capacity  of  the  air -drying  yard 
would  have  to  equal  5 to  6 months'  production. 

Special  narrow,  dry  stickers  should  be  used  in  air-drying  piles  of  sugar  maple 
at  this  location.  The  use  of  green  lumber  stickers  causes  a sticker -stain  loss 
of  $5.84  per  1,000  board  feet.  Although  the  test  packages  of  the  study  were  at 
the  top  of  the  piles,  this  loss  figure  applies  to  all  of  the  lumber  in  a pile. 

The  decreased  degrade  and  savings  brought  about  by  air  drying  in  the  shed 
rather  than  in  the  yard  indicate  that  a shed  is  a good  investment.  For  roofed 
yard  piles  made  with  narrow,  dry  stickers,  the  shed  saved  $5.35  per  1,000 
board-feet  (or  $6.01  per  package,  since  the  average  package  contained  1,123 
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board-feet).  A pole-type  shed  with  a floor  area  of  1,000  square  feet  costs 
about  $0.75  per  square  foot  of  area,  and  will  hold  about  six  piles  of  lumber  4 
feet  wide  and  16  feet  long.  With  an  average  drying  period  of  90  days,  the 
annual  capacity  of  the  shed  will  be  24  piles.  Thus,  at  $6.01  per  pile,  the 
annual  saving  is  $144.24.  At  this  rate,  the  direct  cost  of  the  shed,  $750, 
will  be  recovered  in  about  5-1/4  years.  The  figure  $6.01  is  severely  dis- 
counted in  the  assumption  that  it  applies  only  to  the  lumber  in  the  top  pack- 
age; since  the  lumber  of  the  test  packages  was  of  relatively  low  grade  (aver- 
age value  $83.57  per  1,000  board-feet)  the  chances  are  good  that  5-1/4  years 
is  a conservative  figure.  With  upper  grade  lumber,  the  cost  of  the  shed  (in- 
cluding interest  and  indirect  charges)  would  probably  be  recovered  in  4 to  5 
years . 

For  lumber  piled  on  narrow,  dry  stickers,  a comparison  of  roofed  yard  piles 
with  roofless  piles  indicates  a saving  of  $1.70  per  1,000  board-feet,  assign- 
able to  the  roof.  For  a package  containing  1,123  board-feet,  the  saving  is 
$1.91.  If  this  figure  is  limited  to  the  lumber  in  the  top  package,  as  it  was  in 
the  consideration  of  the  effect  of  the  shed,  the  figure  can  again  be  regarded  as 
conservative.  If  a single  pile  roof  is  used  four  times  a year  it  will  save  about 
$7.60  worth  of  lumber  per  year.  With  upper  grade  lumber  the  saving  will  be 
greater.  If  a pile  roof  could  be  built,  maintained,  handled,  and  amortized 
for  $7.60  or  less  a year,  an  investment  in  pile  roofs  would  be  profitable. 
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Table  1. — Surface  checking  during  air  drying  of  the  l6-foot 
whole-board  samples  of  lumber  packages  plied  In 
January,  May,  July,  and  October 


Location 

Sticker  type 

Eoofed 

Average  total  length  of  surface 
checks 

January 

May 

July 

October 

In. 

In. 

In. 

In. 

Shed 

Narrow,  dry 

7 

l4 

15 

12 

Do 

Wide,  green 

9 

36 

9 

4 

Yard 

Narrow,  dry 

Yes 

15 

30 

16 

8 

Do 

Wide,  green 

63 

27 

23 

43 

Do 

Narrow,  dry 

No 

79 

101 

33 

30 

Do 

Average 

Wide,  green 

176 

58 

69 

46 

113 

35 

24 

20 

Table 

2. — End  splitting  during  air  drying  of  l6- 

■foot  whole- 

board  samples  of  the  lumber  piled  in  January, 
May,  July,  and  October 


Location 


Sticker  type 


Eoofed 


Length  of  the  longest  end  split- 


Shed  : Narrow,  dry  : 

Do : Wide,  green  : 

Yard  : Narrow,  dry  : Yes 

Do......:  Wide,  green  :...do... 

Do : Narrow,  dry  : No 

Do : Wide,  green  :...do... 


Average 


January 

May 

July 

October 

In. 

In. 

In. 

In. 

2.9 

1.9 

1.8 

2.9 

3.9 

3.1 

2.0 

2.8 

1.8 

3.4 

3.0 

1.9 

4.3 

2.9 

2.6 

2.9 

2.7 

4.1 

2.4 

2.7 

1.9 

3.8 

3.7 

3.0 

2.9 

3.2 

2.6 

2.7 

“These  are  averages  found  by  adding  the  lengths  of  the  longest  end 
split  in  each  whole -board  sample,  and  dividing  the  total  by  9>  the 
number  of  whole-board  samples. 
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Table  3 • — Losses  caused  by  checking,  splitting,  and  warping  during  the  air  drying  of  lumber  piled 
January,  May,  July,  and  October,  excluding  stain 
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—Since  the  value  of  the  green  lumber  in  the  test  packages  varied,  the  relation  between  the  percentages  and  the 
losses  per  1,000  board-feet  is  not  a constant. 

2 

“These  figures  are  true  means  and  are  not  averages  of  the  figures  in  the  respective  columns. 


Table  4-. — Sticker  stain  In  the  boards  of  the  January,  May,  July,  and  October  teat  packages 
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Table  5. — Loss  in  value  caused  by  sticker  stain  during  air  drying  of  lumber  piled  In  January,  May 
July,  and  October 
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“Since  the  value  of  the  green  limber  in  the  test  packages  varied,  the  relation  between  the  percentages  and  the 
losses  per  1,000  board-feet  is  not  a constant. 

2 

“These  figures  are  true  means  and  are  not  averages  of  the  figures  in  the  respective  columns. 


Table  6. — Loss  in  value  caused  by  drying  defects  and  sticker  stain  during  the  drying  of  piles  erected 
in  January,  May,  July,  and  October 
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"These  figures  are  true  means  not  averages  of  the  figures  in  the  respective 


Figure  1.  --Upper,  test  package  placed  on  top  of  two  other  packages 
to  form  a yard  pile,  with  a 2-panel  roof.  Lower,  shed,  open  on 
two  sides,  in  which  air  drying  experiments  were  conducted. 
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gure  2.  - -Climatological  conditions  and  corresponding  wood  equilibrium  moisture  content  at 
the  site  of  the  experiment  (temperature  and  relative  humidity  plotted  on  the  basis  of  mean 
monthly  values). 


... 


gure  3.  --Drying  curves  for  the  lumber  in  the  four  sets  of  experimental  packages,  showing 
the  days  required  to  reach  a moisture  content  of  20  percent. 
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SUBJECT  LISTS  OF  PUBLICATIONS  ISSUED  BY  THE 


FOREST  PRODUCTS  LABORATORY 


The  following  are  obtainable  free  upon  request  from  the  Director,  Forest  Products 
Laboratory,  Madison,  Wisconsin  53705. 


List  of  publications  on 

Box  and  Crate  Construction 
and  Packaging  Data 

List  of  publications  on 
Chemistry  of  Wood  and 
Derived  Products 

List  of  publications  on 
Drying  of  Lumber 

List  of  publications  on 
Fire  Performance 

List  of  publications  on 
Fungus  Defects  in  Forest 
Products  and  Decay  in  Trees 

List  of  publications  on 

Glue,  Glued  Products,  and 
Veneer 

List  of  publications  on 
Growth,  Structure,  and 
Identification  of  Wood 

List  of  publications  on 

Logging,  Milling,  and  Utiliza- 
tion of  Timber  Products 


List  of  publications  on 

Mechanical  Properties  and 
Structural  Uses  of  Wood  and 
Wood  Products 

List  of  publications  on 
Pulp  and  Paper 

List  of  publications  on 

Structural  Sandwich,  Plastic 
Laminates,  and  Wood-Base 
Aircraft  Components 

List  of  publications  on 

Thermal  Properties  of  Wood 

List  of  publications  on 
Wood  Finishing 

List  of  publications  on 
Wood  Preservation 

Partial  list  of  publications  for 
Architects,  Builders,  Engineers 
and  Retail  Lumbermen 

Partial  list  of  publications  for 
Furniture  Manufacturers, 
Woodworkers,  and  Teachers 
of  Woodshop  Practice 


Note:  Since  Forest  Products  Laboratory  publications  are  so  varied  in  subject  no  single 

list  is  issued.  Instead  a list  is  made  for  each  Laboratory  division.  Twice  a year, 
December  31  and  June  30,  a list  is  made  showing  new  reports  for  the  previous 
6 months.  This  is  the  only  item  sent  regularly  to  the  Laboratory^  mailing  list. 
Anyone  who  has  asked  for  and  received  the  proper  subject  lists  and  who  has  had 
his  name  placed  on  the  mailing  list  can  keep  up  to  date  on  Forest  Products  Lab- 
oratory publications.  Each  subject  list  carries  a listing  of  all  other  subject  lists. 
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